This paper describes investigations of fundamental biological and pratical importance. Interstitial subterranean water (hyporheic) which is near a polluted river in a plain is the subject of the study. The water is becoming increasingly important as a source of drinking water. The relation of the hyporheic water to the physical. chemical. bacteriological and faunistic characteristics of the river is discussed.
INTRODUCTION
The object of this paper is to present our studies on interstitial subterranean waters, those filling tiny crevices among particles of stream bottoms and beaches as well as sand and gravel alluvial sediments of river valleys, i.e. potamostygal, mixopotamostygal, and eustygal (Husmann, 1975) . The phenomenon of life and its features, along with the increasing importance of interstitial subterranean waters as a source of drinking water, involve biological and ecological studies as well as hydrogeological, chemical, physical, and medical ones.
Quantity, physico-chemical characteristics, and distribution of these subterranean waters are relatively well known on both a regional and world scope. Although still in the initial stages, research on the dynamics of composite ecological processes are progressing. Research on natural habitats has scientific as well as practical values, and some experiments have already been performed (Husmann, 1968 (Husmann, , 1971 (Husmann, , 1974 Ritterbusch', 1976) .
Ecological research on interstitial waters includes questions concerning: the composition of the biocenosis and the relation of its terrestrial and subterranean faunistic elements; the relations between the structure of biocenoses and the physical features of substratum, e.g., volumes of intergranular spaces and their practicability for water circulation, water temperature and pH; and the relation between biocenoses, water chemistry and the quantity of existing food (Liipkes, 1976; Husmann, 1968) . Studies of vertical and horizontal distributions and density of populations depending on ecological and
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other factors have also been carried out (Husmann, 1974/75; Danielopol, 1976; Mestrov, et aI., 1976a) .
,., The attachment of certain subterranean organisms (stygobionts), i.e., of their communities to the biotopes of specific characteristics, also serves as an indicator of the quality of underground waters for human consumption (Husmann, 1964; Spangenberg, 1973) .
Since phreatic waters serve as drinking water, understanding of the conneCtions and mutual influences of surface waters (particularly polluted ones) to subterranean waters is of special significance as allochthonous environmental pollution develops. For this purpose various indicators have been used, such as fluorescent tracers (Giammona, 1973) and radioactive tracers (Kubelka, personal communication) .
Control of changing physico-chemical and biological parameters through a system of permanent bores (Husmann, 1974/75) , or provisional ones, are also used (Bou and Rouch's method).
The results presented here were obtained in studies completed during 1973 and 1974 in the Sava river valley, not far from Zagreb (the Jankomir bridge), where the relatively shallow and fast moving river circulates over thick alluvial sediments of sand and gravel watered by phreatic flows.
The aim of our studies was to learn the condition, quality, connections, and mutual influence of the river and surrounding subterranean hyporheic waters (potamostygal and mixo-potamostygal) with the phreatic water (eustygal) in this contact zone, as well as possible infiltration of surface water into the phrea~ic, and viceversa. 
METHODS
Samples were taken on 29 June, 17 July, and 3 November 1973, and 17 April 1974 during low water using the Bou-Rouch method. They came from various depths (0,3-2 m) of crosswise profile including a portion of the left river bank, the beach, and the river bottom ( Fig. 1) A Norton pump driven to 7 m was employed at the same profile, 200 m from the river. Determinations of certain bacteriological and chemical parameters of the river water were made, as well as evaluation of the saprobiological conditions of the river and bacteriological, chemical, and faunistic analyses of the interstitial samples. Bacteriological analyses were carried out only in autumn, and more extensive chemical analyses in autumn and spring. All samples taken in 1973 were used for faunistic determinations.
.
RESULTS, DISCUSSION, AND <;::ONCLUSIONS
Studies of various relations between the biotopes of subterranean and surface waters were undertaken at a relatively small locality in the Sava river valley near Zagreb. They were carried out on the beach and in the river bottom to 2 m depth. This was the maximum depth possible with current equipment. At the riverside, samples of water were taken from a depth of 7 m by a permanently fixed pump, i.e., slightly deeper than the level of subterranean water. The studies included a part of the river bottom and the whole beach of sand and gravel sediments which at high water forms part of a waterside bottom and at low water is exposed. The studies oJ subterranean water 200 m away from the river margin were made only once. Accordingly, all areas which, in a vertical and horizontal sense, could be watered by the river were included in the research. The greater part of the beach closer to the river margin rises so gently that even a slight rise in water level is followed by inflow and affects the substratum. There is more intensive deposition of transported material in this area than in a constantly submerged river bottom, due to a frequent and slow inflow and outflow of river water. This is also indicated by quantities of suspended material at all depths of measurements (Fig. 2) .
Comparison of chemical and physical parameters measured simultaneously in the river and interstitial water showed several different ecological areas:
(1) The most distant point from the river (200 m), where the water is on a depth of 7 m is situated in an area distinct both in space and some parameters. This location is remarkable for its deficiency of oxygen as well as low temperature. The quantity of CO 2 is also considerably less than at all other bores. Alkalinity of 4,1 mval per litre is the lowest recorded in spring, and quantity of ammonia about 10 to 290 times less than in the interstitial water of the beach. This is the phreatic or eustygal area, which differs considerably by its characteristics from others and in which a direct impact of the river could not be defined during the studies (Tab. 1). Nitrates NO] Anionic surface-active agents ("surfactants") TBS (2) The zone along the water edge, which extends some 5 m on the beach as well as on the river bottom, is different from the surrounding area. The extent and changes, both in space and time, of physico-chemical and other parameters suggest the existence of various layers. Namely, some parameters at various depths (0,5, 1 and 2 m) at the same point of measurement, show considerable differences in amount, but a regular increase in these values at each depth in direction from the river edge inland or the reverse is also notable. In addition, seasonal inversions in quantity of oxygen in summer and autumn in a layer at 2 m depth show that the horizons in consideration have presumably diverse physical structures (granularity). Some indicators, such as more intensive bacteriological activities (heterotrophic bacteria), coliform bacteria, quantity of anionic surface-active agents, presence of populations of the species indicative of a higher degree of organic pollution such as Sphaerotilus natans etc., and the presence of river fauna, demonstrate that the hyporheic zone along the river margin down to I m depth is more influenced by river water and its polluting effect than deeper and more distant zones (Fig. 3, 4 , 5, 6; Tab. 2, 3, 4).
(3) Some features of the part of the beach more distant from the river margin (point + 10) differentiate this zone from the eustygal and from a wider area near the river margin; and various values of the parameters of point + 10 and other points closer to the river suggest its characteristic features.
Here the quantity of oxygen varies slightly by depth. There are more organic materials here than elsewhere in the alluvium as well as products of mineralization of these organic materials. Perhaps many organic materials and chlorides originate from the surrounding meadows and agricultural areas, and presumably only high water causes a more intensive contact between the river water and the subterranean water of the alluvium. ;'
'" co.
., _. Indicators of pollution like organic compounds, chlorides, nitrates, nitrites, ammonia, and coliform bacteria show that all points on the beach and on the river bottom are subject to the influence of polluted river water at least down to the 2 m depth. This is confirmed by the presence of particles of coal, Sphaerotilus, and other indicators of saprobity in the deepest examined horizon (Fig. 5, 7 , 8, 9, 10, 11; Tab. 2, 3) .
The activity of bacteria, evidenced by the presence of products of organic material decomposition and BOD, suggests that the process of autopurification is also performed in the hyporheic. Due to the oxygen demand, down to 1 m depth, the deficiency of oxygen approaches 99070. In deeper layers, in summer, oxygen almost disappears (Fig. 12) .
In comparison with the physically similar habitat by the river Orava near Legrad, studied in the same year (Mestrov, et aI., 1976a) , the fauna of the Sava's hyporheic is not as rich, in the quantitative and qualitative sense (Tab. 4, Fig. 13 ). Typical subterranean species of Acarina, Isopoda, and Amphipoda are lacking here, which otherwise live i'n phreatic waters of the Sava valley (Mestrov, 1960) and in the hyporheic of the Drava. Perhaps macrocenobionts have a certain role in maintaining the "cleanness" and perviousness of interstices, i.e., circulation of water through them. Eating the infiltrated detritus, they accelerate the process of decomposition and development of a balance in ionic and organic composition of water and open the crevices closed by this detritus (Husmann, 1974 (Husmann, , 1975 Bojcenko, 1975) . Autumnal oxygen enrichment of the deep hyporheic layer of water was not followed by a greater density or a changing composition of stygobiont animal populations. The layers below 1 m depth in locality studied of the Sava seem to be "ecologically devastated" (Husmann, 1974/75) . It is certain that the chronically high degree of pollution with organic and toxic materials causes this phenomenon (Mestrov, et aI., 1976 b, c) . The results of our studies confirm this.
The continuation of comparative ecological research and studies of deeper layers will provide more information and explanations. ..
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RESUME
Des recherches presentant ala fois un inten~~t fondamental et une importance pratique ont ete effectuees sur les eaux souterraines interstielles (hyporheique) s'ecoulant Ie long de la vallee alluviale d'une riviere polluee: la Save.
En comparant les proprietes physiques, chimiques, bacteriologiques, saprobiologiques, de meme que les faunes de la riviere de surface et de son ecoulement hyporheique, a des saisons differentes, on peut rechercheI' quelle est leur influence mutuelle. Les resultats obtenus montrent que I'influence de la pollution de I'eau de la riviere sur I'eau hyporheique de son lit se fait sentiI' jusqu'a une profondeur minimale de deux metres.
